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Open reading frame 89 (ORF89) is one of the three genes that are believed to be involved in the latent infection of white spot syndrome
virus (WSSV). Here, we report the structure and functional characterization of ORF89. cDNA sequencing, 5V RLM-RACE, and 3V RLM-
RACE showed that ORF89 gene is transcribed into an unspliced mRNA of 4436 nucleotides, which is predicted to encode a protein of 1437
amino acids. ORF89 expressed an approximately 165-kDa protein in Sf9 cells that localized in the nucleus. Amino acids 678–683 were
found to be essential for nuclear localization. Cotransfection assays demonstrated that ORF89 protein repressed its own promoter as well as
those of a protein kinase and the thymidine– thymidylate kinase genes of WSSV. SYBR Green real-time PCR indicated that the repression
occurred at the transcriptional level.
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Introduction (genus Whispovirus). WSSV virion contains 5 major and 14White spot syndrome virus (WSSV) is a major pathogen
threatening the shrimp aquaculture globally. It is extremely
virulent and cumulative mortality can reach up to 100%
within 3–7 days (Lightner, 1996). The virus has a wide host
range and affects almost all species of cultured shrimps and
other crustaceans. WSSV can be transmitted from brood
stock to their offspring (Lo et al., 1997) and infects specific
hemocytes of penaeid shrimps (Wang et al., 2002). The
shape of the WSSV virions (ovoid to bacilliform) and
nucleocapsids resemble those seen in baculoviruses (Durand
et al., 1997) but the genome sequences of different isolates
(Van Hulten et al., 2001; Yang et al., 2001) and phyloge-
netic analysis indicate that WSSV is a unique virus. Nucle-
otide sequence analysis reveals that dsDNA genome is
about 300 kb and encodes approximately 185 open reading
frames (ORFs). Most of the putative ORFs bear no homol-
ogy to known genes in the GenBank. Hence, WSSV has
been placed under a new virus family, the Nimaviridiae0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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E-mail address: kwang@tll.org.sg (J. Kwang).minor structural genes (Marks et al., 2003). So far, only a
few nonstructural genes, which show homology to known
sequences in the databases, have been identified and char-
acterized. These include genes encoding large and small
subunit of ribonucleotide reductases (Tsai et al., 2000a), a
novel chimeric cellular type thymidine–thymidylate kinase
(Tsai et al., 2000b), a serine/threonine type protein kinase
(Liu et al., 2001), an endonuclease (Witteveldt et al., 2001),
and a DNA polymerase (Chen et al., 2002).
Although there is some information about virion struc-
ture, epidemiology, pathogenicity, and genome sequence
of WSSV, little is known about the molecular mecha-
nisms underlying the WSSV life cycle and mode of
infection. In addition, the study of WSSV is difficult
because there is no established shrimp cell line and whole
shrimp system has not been well studied. Moreover, the
uniqueness of the WSSV makes it hard to relate to other
virus infection models.
It has been suggested that WSSV can exist as an
asymptomatic carrier state (Tsai et al., 1999). Certain stress
conditions, such as collection, transportation, and poor
water quality can induce carrier state to infective state and
initiate the outbreak. Recently, we have identified three
genes using microarray, which are expressed in the specific
Fig. 1. Schematic diagram of ORF89 protein. Numbers indicate the amino acid residues relative to the N terminus of ORF89 protein. Putative domains/motif—
GRT (glutamic-acid-rich tract), NLS (nuclear localization signal) and LZ (leucine-zipper-like motif).
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latency-related proteins (Khadijah et al., 2003). The present
study focuses on one of those three genes, termed ORF89.
The predicted 1437 amino acids encoded by this gene shares
no homology with any known protein in the database.
Analysis of the predicted amino acid sequences of ORF89
reveals several interesting features (Fig. 1), which include
two glutamic acid rich regions (GRT), two putative nuclear
localization signal (NLS), and a leucine-zipper-like motif
(LZ) at the C-terminal end. Many of these features are also
found in proteins involved in regulation of gene expression.
In view of its large size and modular structure, we specu-
lated that ORF89 might function as transcriptional regulator
and thereby modify viral gene expression during latency/
carrier state. This paper reports structure–function analysis
of ORF89. Our results demonstrate that ORF89 encodes a
nuclear regulatory protein.Results
Analysis of complete transcript of ORF89 and expression in
Sf9 cells
To determine the full length of ORF89 transcript, 5V and
3V RACE were performed using RNA isolated from 48
h postinfected shrimps. PCR-amplified fragments from 5V
RACE and 3V RACE were cloned and 10 individual clones
from each RACE were sequenced. Analysis of data showed
that all sequences were identical (for both cases). Sequence
analysis of 5V RACE revealed that transcription was initiated
at thymidine residue 82 nt upstream of the predicted
translational start codon ATG (Fig. 2). A classical TATA
box was located 25 nt upstream of the transcriptional startFig. 2. Determination of complete transcripts of ORF89. 5V and 3V RLM-RACE a
Predicted TATA box, transcriptional start site (T), putative ATG, translation stopsite. 3V RACE analysis showed that a potential polyadeny-
lation signal (AATAAA) was located 22 nt downstream of
stop codon (TAA). The poly A tail was found at 12 nt
downstream of polyadenylational signal.
To investigate whether there are introns in the coding
region of ORF89 transcript, overlapped cDNA fragments
of ORF89 were amplified from artificially infected shrimp
total RNA using RT-PCR and then cloned. The deduced
cDNA sequence was found to be identical to the sequence
of genomic DNA, indicating that RNA editing or splicing
does not occur after transcription. There are two adjacent
translation start codons (ATG) within the ORF89 transcript
(Fig. 2). And the sequences surrounding the first start codon
(AAAATGG) of the ORF89 transcript were consistent with
the Kozak rule for efficient initiation of eukaryotic transla-
tion (PuNNATGPu) (Kozak, 1989). Based on the above
results, we concluded that complete transcript of ORF89
consists of 4436 nucleotides encoding a putative polypep-
tide of 1437 amino acids.
To determine the expression of ORF89 protein, an
expression construct containing the full-length coding re-
gion of ORF89 under the control of a WSSV promoter was
generated. This was found to express an approximately 165-
kDa protein in Sf9 cells when analyzed by Western blotting
by using ORF89 specific polyclonal antiserum (Fig. 3).
ORF89 encodes a nuclear protein
To study the cellular localization of ORF89 protein, the
full-length coding region of ORF89 gene was fused in-
frame at the N-terminal end of the EGFP gene. Sf9 cells
were transfected with ORF89-EGFP construct. At 36 h post-
infection, cells were fixed with DAPI and observed under a
confocal microscope. As shown in Fig. 4b (panel 2), ORF89nd cDNA sequencing were performed to determine the complete transcript.
site, and polyadenylation signal (AATAAA) are underlined.
Fig. 3. Expression of ORF89 in Sf9 cells. Sf9 cells transfected with
expression construct, pWSSV-ORF89 (lane1) and vector alone (lane 2)
were electrophoresed on an SDS–8% polyacrylamide gel and analyzed by
Western blotting using ORF89-specific polyclonal antiserum.
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that ORF89 encodes a nuclear protein.
Identification of a nuclear localization signal in the
ORF89 protein
To identify the functional domain of ORF89 protein
responsible for nuclear localization, several overlapping
EGFP fusion constructs were generated (Fig. 4a). Fusion
constructs were carefully designed (greater than 40 kDa in
size), negating the problems associated with passive diffu-
sion of smaller EGFP fusion protein to the nucleus. As
shown in Fig. 4a, three fusion constructs: B(1–500)aa/
EGFP, C(250–650)/EGFP, and E(1000–1437)aa/EGFP
were expressed in the cytoplasm of Sf9 cells. Only one
construct, F(594–997)aa/EGFP (Fig. 4b, panel 3), was
localized in the nucleus. To narrow down the exact
location of NLS, a truncated construct, D(700–900)aa/
EGFP, was generated, which was expressed in the cyto-
plasm. Taken together, we concluded that nuclear locali-
zation signal (NLS) resides within the amino acids
extending from 600 to 700. Classical NLS usually consists
of a cluster of positively charged amino acids (Arg and
Lys), which were found in the amino acid position 678 to
683 of ORF89. To determine whether this region is
responsible for nuclear localization, six amino acids were
mutated to alanine residues in the (594–997)aa/EGFP
construct (Fig. 4a). After 36 h of transfection, this mutant
EGFP fusion protein was found to localize exclusively in
the cytoplasm of Sf9 cells (Fig. 4b, panel 4). These
observations demonstrated that the NLS 678KMKRKR683
was responsible for the localization of ORF89 protein in
the nucleus.
ORF89 significantly represses the protein kinase and
thymidine–thymidylate gene promoters
To investigate whether ORF89 gene product has any
regulatory role on gene expression, a pWSSV-ORF89effector construct was used in the cotransfection experi-
ments. Transient expression studies were performed with
WSSV promoters for the gene encoding thymidine–thy-
midylate kinase (ORF171 termed TK), protein kinases
(ORF2 and ORF61, termed PK), ribonucleotide reductases
(large subunit, ORF92 and small subunit, ORF98), endo-
nuclease (ORF99) and ORF89. These promoters were
immediately cloned upstream of the luciferase reporter
gene. Cotransfection experiments were performed in Sf9
cells with each WSSV promoter construct in the presence
and absence of expression construct, pWSSV-ORF89. At
60 h posttransfection, cell extracts were assayed for
luciferase activity. An internal control was run to normal-
ize the transfection efficiency. As shown in Fig. 5,
promoters from protein kinase (ORF61) and thymidine–
thymidylate kinase gene (ORF171) of WSSV were down-
regulated by ORF89 gene product (by more than 70%).
Down-regulation occurred dose-dependently (data not
shown). In contrast, there was no significant change in
luciferase activity for ORF2, ORF92, ORF98, and
ORF99. Expression of ORF89 caused a significant
decrease in the luciferase activity (over 65%) for its
own promoter, suggesting a negative feedback regulation
of ORF89 gene. These observations suggest that ORF89
is an autoregulatory gene, which also represses a
protein kinase and thymidine–thymidylate kinase gene
of WSSV.
Repression occurs in the mRNA level
To obtain a quantitative estimate of the repression of
PK and TK by ORF89, cDNA of reporter gene was
prepared from cotransfected Sf9 cells. cDNA samples
were analyzed quantitatively by real-time PCR. To verify
real-time PCR products derived either from plasmid or
total RNA, a melting curve analysis on LightCycler
(Roche, Switzerland) and gel electrophoresis were per-
formed. Real-time PCR efficiencies were calculated from
the slopes (three repeats) in LightCycler Software 3.3
and showed efficiency rates per cycle in the DNA
calibration curve model of E=1.9. Negative control
(without template) was run in every experiment. As
shown in Fig. 6, in the presence of ORF89, reporter
transcript number was significantly reduced (over 75%)
for PK and TK promoters whereas no significant change
in copy number for the ribonucleotide reductase gene
promoter (ORF98). These observations indicate that
down-regulation of PK and TK promoters occurred at a
transcriptional level.
PK and TK transcripts gradually increase as the
infection advances
To determine the time course when the PK and TK
mRNA are transcribed in the life cycle of WSSV, total
RNA was extracted from shrimp heads at 0, 3, 6, 12,
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obtain a quantitative estimate of the novel PK and TK
transcript/copy number at different time points afterFig. 4. Identification of a nuclear localization signal in the ORF89 protein. (a) Sche
fused with EGFP at the N-terminal end and their location in the Sf9 cells. (b) Dif
Control construct containing only EGFP displayed fluorescence throughout the
expressed in the nucleus (panels 2 and 3, respectively). To specifically identify the n
(678–683) was replaced with alanine residues. This mutant EGFP fusion proteininfection, cDNA samples were analyzed quantitatively
by real-time PCR. Results are shown in Fig. 7. For both
genes, transcripts started appearing at 3 h postinfectionmatic representation of different truncated constructs of ORF89, which were
ferent fusion constructs were transfected and cells were stained with DAPI.
whole cell (panel 1). A(1–1437)aa/EGFP and F(594–997)aa/EGFP were
uclear localization signal (NLS), a cluster of positively charged amino acids
was localized in the cytoplasm of Sf9 cells (panel 4).
Fig. 5. Response of WSSV promoters to the ORF89 gene product: WSSV
promoters from thymidine– thymidylate (TK), protein kinase (PK),
ribonucloside reductases (ORF98 and ORF92), nuclease (ORF99), ORF2,
and ORF89 were cloned into promoter-less luciferase vector (phRG-B) to
generate luciferase (Renilla) reporter constructs. Reporter constructs (0.5
Ag) were cotransfected with 1 Ag effector construct, pWSSV-ORF89 (black
column), or the control vector pWSSV-EGFP (gray column) in Sf9 cells.
After 60 h, equal amount of lysates were assayed for luciferase activity.
Luciferase activity expressed as fold activation relative to that obtained with
phRG-B alone. IE2 promoter vector expressing firefly luciferase was used
as an internal control to normalize the transfection efficiency. Results
represent the mean F SD of triplicate transfections. The experiments were
repeated three times with triplicate plates per experiment points.
Fig. 6. Real-time PCR to quantify the luciferase reporter transcript in
response to ORF89 protein. PK, TK, and ORF98 promoter constructs were
cotransfected either in the presence or absence pWSSV-ORF89. After 60 h,
total RNA was isolated and then mRNA copy of reporter luciferase gene
was quantified using SYBR Green real-time PCR. Black bars indicate the
copy number in presence of the pWSSV-ORF89, while gray bars indicate
the copy number for promoter construct only.
Fig. 7. Time course study of PK and TK transcripts. Real-time PCR was
performed to estimate copy number of PK and TK transcript using RNA
samples collected from artificially infected shrimps at different points of
postinfection.
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infection advanced.Discussion
In this study, we report that ORF89 encodes a protein of
approximately 165 kDa in transfected Sf9 cells, which is
exclusively localized in the nucleus. Cotransfection assays
indicated that ORF89 protein negatively regulated one of
the protein kinases (ORF61) and thymidine–thymidylate
kinase of WSSV, possibly at the transcriptional level.
Nuclear localization is essential for transcription-regula-
tory proteins. Protein can enter the nucleus either by
diffusion or signal mediated transport (Schwoebel and
Moore, 2000). Proteins less than 40 kDa are able to enter
the nucleus by passive diffusion, while others generally
require a specific nuclear localization signal. Regulated
nuclear localization of a protein may serve as a molecular
switch to control transcription of genes. We determined that
amino acids 678 to 683 (KMKRKR) of ORF89 protein are
responsible for its nuclear localization. Computer analysis
also predicted a bipartite nuclear localization signal at the N-
terminal end (amino acid position 449–465) of the ORF89
polypeptide but this NLS was found to be dysfunctional in
Sf9 cells. This may be due to presence of hydrophobic
residues surrounding the NLS. It has been shown that the
presence of hydrophobic residues in proximity to the signal
results in misfolding of the protein, thus sequestering the
signal away from the surface. (Roberts et al., 1987). All
\latency-associated genes in other viruses are usually
expressed in the nucleus of the hosts. For example,
latency-associated nuclear antigen (LANA) encoded by
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(KSHV) is essential and sufficient for maintenance of
episomes containing the terminal repeat region of the
KSHV. During latency, LANA interacts with other cellular
factors and transcriptionally modulates viral and cellular
genes (Renne et al., 2001).
Protein kinases are one of the key players for the
regulation of cellular processes (Shugar, 1999). Protein
phosphorylation in virus-infected cells may depend on
cellular protein kinases or virus-encoded protein kinases.
Like in other large DNA viruses, WSSV genes, ORF2, and
ORF61 (PK) are predicted to encode serine/threonine
protein kinase (Van Hulten et al., 2001), one of which
(ORF 61) is repressed by ORF89. Time course study using
real-time PCR shows that transcripts started appearing at 3
h postinfection and copy number is gradually increased as
the infection advances, suggesting that PK kinase may be
essential for viral life cycle and pathogenesis. Time course
study also reveals that the amount of TK mRNA copies is
higher as compared to the amount of PK mRNA (Fig. 7),
whereas it is the other way around in Sf9 cells (Fig. 6),
suggesting gene regulation is different in WSSV-infected
shrimp cells as compared to Sf9 cells. The other protein
kinase promoter (ORF2) was not affected by the expres-
sion of ORF89, which may be due to the presence of
different regulatory elements in the promoter. Up to date,
there is no information on the roles of viral protein kinases
during latency but their role in the replication cycle have
been reported. Human cytomegalovirus UL97 kinase has a
critical role in viral replication (Prichard et al., 1999; Wolf
et al., 2001). There is also mounting evidence that protein
phosphorylation is essential for the DNA replication of
vaccinia virus (Rampel et al., 1990).
ORF89 protein significantly suppressed the thymidine–
thymidylate gene promoter of WSSV. Real-time PCR
analysis showed that thymidine–thymidylate kinase gene
transcripts gradually increase as the infection advances.
Other researchers also have shown that the TK is func-
tional and its concentration is gradually increased during
the infection period (Tzeng et al., 2002). Although viruses
usually utilize cellular thymidine kinase for DNA synthe-
sis, some reports suggest that viral TK has essential role in
the viral replication and the reactivation of latent herpes
simplex virus (HSV) to the lytic infection. Several studies
demonstrate that disruption of thymidine kinase gene of
murine gherpesvirus-68 (MHV-68) has little effect on viral
growth in vitro but causes a severe attenuation of lytic
replication (Coleman et al., 2003). TK-deficient MHV-68
shows a more severe defect in epithelial replication in vivo
than TK-deficient HSV. HSV, however, cannot be reacti-
vated from latency in the absence of TK (Coen et al., 1989
), while there is no obvious defect in the case of MHV-68
reactivation. These presumably reflect the differences in
cell tropism between a and g herpesviruses: While HSV is
latent in terminally differentiated neurons, MHV-68 is
latent in B cells, macrophages, lung epithelial cells, anddentritic cells (Flano et al., 2000). In most cases, viruses
establish latency in specific cell types. But in case of
WSSV, there is no information whether the virus resides in
the specific cell type of shrimps during latency/carrier
state. Latency is well studied in the herpes virus system.
Different members of herpes family have different strate-
gies to establish the latency. There is still controversy on
the mechanism of viral latency. For instance, it has been
shown that latency-associated genes of HSV type 1 and
Varicella-zoster virus (VSV) are expressed during latent
state but not indispensable to establish the latency (Steiner
et al., 1989; Xia et al., 2003).
Because there is no available continuous cell culture for
WSSV, the present study has been performed in Sf9 cells.
So, in the absence of a viral infection, gene regulation in
Sf9 cells may be not be identical as in WSSV-infected
shrimp cells. However, we demonstrated that ORF89
represses TK and PK genes of WSSV. Because other
studies have demonstrated that viral TK is involved in
reactivation of HSV from latency to lytic state (Coen et al.,
1989) while viral PK plays critical role in viral replication
in MHV-68 (Coleman et al., 2003), it can be speculated
that ORF89 may contribute in establishing latency by
repressing TK and PK. Further investigation is needed to
determine whether ORF89 has any specific function in
regulating viral latency.Materials and methods
Virus, shrimp, and artificial infection
The virus used in this study was isolated from WSSV-
infected Penaeus monodon shrimps, which were imported
from Indonesia. Purification of virus was performed as
previously described (Liu et al., 2002). Briefly, five
clinically infected shrimps were homogenized in the pres-
ence of liquid nitrogen. The homogenate suspended in
PBS (pH 7.4) was frozen and thawed three times followed
by centrifugation at 4500  g for 30 min. The supernatant
was filtered through a 0.45-Am filter and then negatively
stained with uranyl acetate (pH 6.0) and observed under
transmission electron microscope. Immunostaining using
WSSV-specific monoclonal antibody also confirmed the
presence of WSSV. For 5V and 3V RACE and temporal
transcription analysis, the healthy subadult P. monodon
shrimps were artificially infected with purified WSSV. At
various time points postinfection over 48 h, five of the
infected shrimps were selected at random and their heads
were excised. The collected samples were immediately
frozen and stored at 80 jC.
RNA and DNA extraction
Total RNA used in this study was extracted from heads
of frozen WSSV-infected shrimps using TRIzol-LS reagent
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tions. Homogenization of shrimp tissue was performed in
the presence of liquid nitrogen. Finally, the precipitated
RNA was dissolved in RNase-free water and immediately
stored at 80 jC. Concentration of total RNA was quanti-
fied by measuring the absorbance at the wavelength of 260
nm. WSSV DNAwas extracted from infected shrimp tissue
using Dneasyk tissue kit (Qiagen).
RNA ligase-mediated rapid amplification of cDNA
ends (RLM-RACE)
Transcriptional start point and termination signal were
determined using commercial RLM-RACE kit (Ambion)
according to manufacturer’s instructions. Total RNA was
prepared from WSSV-infected shrimps at 48 h postinfection
as described above. A random-primed reverse transcription
and nested PCR using ORF89 (5V-out ATC TGC AGT
GCT CTT AAC GGC CTG and 5V-in TCC ATC AGA
AGA GGA CTT TGG GGT AG) and adapter specific
primers (supplied) amplified 5V end of ORF89 transcript.
In case of 3V end, first-strand cDNA was synthesized using
supplied 3V RACE adapters. The cDNA was then subjected
to PCR using 3V RACE specific primer that was comple-
mentary to the anchor adapter, and gene-specific forward
primer (3V-out GAC CCA TGA AGA GTA CCA GGA
CGG A and 3V-in TGC TCG TCC AAA GAT GAA ACC
GCT G). The final products of the 5V and 3V RACE were
cloned into pGEM-T easy vector (Promega, Madison, WI)
for sequencing.
RT-PCR for cDNA sequencing of ORF89
For RT-PCR, an aliquot of total RNA (20 Ag) was treated
with 200 U of RNase-free DNase I (Gibco BRL) at 37 jC
for 30 min to remove residual DNA. To inactivate the
DNase I, sample was heated at 60 jC for 10 min followed
by phenol/chloroform extraction and ethanol precipitation.
The RNA was resuspended in RNase-free water. This
DNase-free total RNA (5 Ag) was used to synthesize the
first-strand cDNA using SuperScript RNase H reverse
transcriptase (Invitrogen) according to the manufacturer’s
protocol. Overlapping cDNA fragments were amplified by
PCR, using paired primer sets, which covered the entire
transcript. Finally, different fragments of amplified cDNA
with BamHI and SalI restriction sites were cloned in pGEX-
4T vector and sequenced.
Plasmids
Luciferase (Renilla) reporter plasmids were constructed
by inserting the PCR-amplified 5V noncoding regions from
WSSV genes into the cloning sites of phRG-B vector
(Promega). For ORF2, 61, 92, 98, and 99, 510 to 1 bp
relative to putative translation start site was ligated into
KpnI–SmaI sites of phRG-B. For ORF71 and ORF89,544 to 1 bp and 344 to 1 bp were ligated into
KpnI–HindIII sites of phRG-B, respectively. The ORFs
were chosen from the WSSV-Th genome of Thailand isolate
(GenBank accession no AF369029). For the normalization
of the transfection efficiency, IE2 gene promoter of a
baculovirus (AcNPV, accession no NC_001623) was cloned
into a pGL3-basic (Promega) using the following primers:
forward CGC AGATCT_GAATGC AGC TGATCA CGT
ACG CTC and reverse CGC AAG CTT CAC GAT CTT
GTC GCC GCC AGT GTC. All the primers for the
construction of reporter plasmids have been listed on
the Table 1.
For the effector construct, pEGFP-N1 (Clonetech) con-
taining EGFP, in which CMV promoter was deleted, was
used. A strong WSSV promoter of ORF 55 (unpublished
data) extending from 388 to +1 relative to the translational
start site was inserted into the multiple cloning sites, using
the following primers: forward 5V-GCG CTCGAG GTG
GGT CTA AAA CCG GGA GA and reverse 5V CGC
GAATTC CTT GAG TGG AGA GAG AGC, and, hence,
named as pWSSV-EGFP construct. Full-length coding re-
gion of ORF89 was PCR amplified (forward, 5V-CGC GGA
TCC ATG GAT TTT GAA GGA ACT ACC AGT TC and
reverse, 5V-ATA AGA ATG CGG CCG CAT GCT TCT
TTG TTT TCT T TG CCA AAG) using Expand Long
Template PCR kit (Roche) under the following conditions:
95 jC for 5 min, 94 jC for 45 s, 57 jC for 45 s, 72 jC for
4.3 min with final extension at 72 jC for 7 min. BamHI and
NotI restriction enzymes were used to delete EGFP gene
from pWSSV-EGFP construct and then replaced with
ORF89 gene using the same restriction sites. We termed
this expression construct as pWSSV-ORF89.
For localization study, full-length coding region was
fused in-frame at the N-terminal end of the EGFP gene of
pWSSV-EGFP vector (Fig. 4a). Other constructs carrying
various overlapping fragments of ORF89 were made. Pri-
mers (listed on the Table 1) with SalI and BamHI restriction
sites were used for cloning. To make a deletion mutant
construct, six amino acids at positions 678–683 of F(594–
997)aa/EGFP construct were replaced with alanine residues
using QuickChange Site-Directed Mutagenesis Kit (Strata-
gene). All the fusion constructs were transfected into Sf9
cells. After 36 h, Sf9 cells were fixed with 4% paraformal-
dehyde and stained with a nuclear dye, DAPI (4V–6V
diamino-2 phenylindole dihydrochlorite). EGFP epifluores-
cence was monitored under Zeiss Confocal microscope. All
the plasmid constructs used in this study were sequenced to
check the authenticity.
Cell culture, transfection, and luciferase assay
As there are no established cell lines for WSSV, Sf9
cells were used for the transient expression assay. Sf9
cells were propagated and maintained at 28 jC in serum-
free medium Sf-900 II SFM (GIBCO BRL) supplemented
with 100 Ag/ml gentamycin. Twenty-four hours before the
Table 1
Primers for nuclear localization study
A(1–1437)aa/EGFP F ACGCGTCGAC ATGGAT TTT GAA GGA ACT ACC AGT
R CGCGGATTC CGAT GCT TCT TTG TTT TCT T TG CCA AAG
B(1–500)aa/GFP F ACGCGTCGAC ATGGATTTTGAAGGAACTACCAGT
R CGCGGATTC CG TAATGCAGTAGCGTCAACGGCATC
C(250–650)aa/EGFP F ACGCGTCGACATG GGACGTACAGAATATGACAAC
R CGCGGATTCCGCGCAAATAGTGCATTATTCACATTAG
D(708–900)aa/EGFP F ACGCGTCGACATGAAAAATGATGAAGGGGAAAAG
R CGCGGATTCCGCAGATTGAACAAGAACATTGGTA
E(1000–1437)aa/EGFP F ACGCGTCGACATG GTGAAAAGTTTGTGTGAAAATTCG
R CGCGGATTCCGAT GCT TCT TTG TTT TCT T TG CCA AAG
F(594–997)aa/EGFP F ACGCGTCGACATGGCTCAAGATATTTGCAAGTC
R CGCGGATTCCGTCTAATGACTTGATCCCCAATAC
G(594–997)aa/EGFP
(deleted construct)
F GCA TCA GAA AAG CCC TCA GCA GCC GCG GCA GCA GCA ACC TCT AGT GCT TCA TCA
R TGA TGA AGC ACT AGA GGT TGC TGC TGC CGC GGC TGC TGA GGG CTT TTC TGA TGC
Primers for promoter constructs
ORF61 F ATT GGT ACC AGC CAG ATC TGG ACC CCA CTC T
R ATT CCC GGG TGC CTA TGG AAG AAA CAA CAA CAA
ORF2 F ATT GGT ACC TCT GTG GGC CAA GAA AAT CCA
R ATT CCC GGG TTT AAC GAC GTT TTT TAT ACT
ORF99 F ATT GGT ACC GTT TTG TTG ATA CCC CAT CAA
R ATT CCC GGG TTA TTT TTT AAA AAT ATT ATA ACA
ORF98 F ATT GGT ACC GAG GAA GAG TAA AAT TCT ATA
R ATT CCC GGG TTT ATG TTA TTA AAT TGG GAT
ORF92 F ATTGGTACCCAAAA GGAACAAAACGTCTA
R ATTCCCGGGTTCTGGGGTTGTTGGTATTA
ORF171 F ATTGGTACCAGTACGATGATCCAGAAAATAAGACCA
R ATT CCCGGGGGTTAGATGATGAGAAAGAATGAGTTG
ORF89 F CGG GGT ACC ACC CTC GGA ACT TGA CAT TCG
R CCC AAG CTT CCA TTT TAG GGA CGA TTT CAG TAGG
Primers for real-time PCR
ORF61 F TCAACCTCCGAAGCCACAACT
R TGCCTCTTACACTGCCTAATCACC
ORF171 F CCCGACAGGAGCAGCCATA
R GAGCACCACTCAACGGTATCCA
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into 24-well plates. Cells with about 85% confluency on
the 24-well plates were transfected using Effectene trans-
fection reagent (Qiagen) according to the protocol pro-
vided. Each luciferase reporter plasmid, 0.25 Ag, was
cotransfected with 0.5 Ag effector construct (pWSSV-
ORF89). Control transfections (in the absence of
ORF89 effector construct) were routinely performed with
the reporter plasmid and a control plasmid (pWSSV-
EGFP) in which the ORF55 promoter of WSSV drives
the expression of a nonrelevant EGFP protein. Transfec-
tion efficiency was normalized using 0.05 Ag promoter
vector in which IE2 gene promoter of a baculovirus
drives the firefly luciferase reporter gene. Cells were
harvested at 60 h postransfection and analyzed for
luciferase activity. Renilla luciferase activity was mea-
sured with the Dual-LuciferaseR Reporter 1000 Assay
System (Promega) according to the protocol using a
Lumat LB 9507 Luminometer (ITS Science and Medical
PTE LTD). Luciferase activity was calculated as de-
scribed previously (Schafer et al., 2003), which was
mentioned in the legend.Antibodies
One fragment from the N-terminal end of ORF89 was
PCR amplified using the following primer (forward 5V-CGC
GGA TCC GAA CTG TCT ATG AAT ATT GTG-3Vreverse
5V-CGC GTC GAC TTC TTC AGT CCA AAT GGT GGT-
3V) and then cloned in to the pGEX-4T vector. After
confirming the sequence, the recombinant plasmid was
overexpressed in the E. coli DH5a strain by IPTG (1
mM) induction. Desired GST fusion protein was extracted
with urea and gel purified. Finally, mice were injected to
generate polyclonal antibody.
Western blotting
Five microgram of vector DNA, pWSSV-ORF89, was
transfected into Sf9 cells in 25-ml flask using Effectene
transfection kit (Qiagen). Cells were harvested after 48
h and protein extract was separated on 8% SDS-PAGE
gel. After electrophoresis, the proteins were transferred to
nitrocellulose membrane by electroblotting. The membrane
was then blocked by 5% (w/v) nonfat milk powder for 2
M.S. Hossain et al. / Virology 325 (2004) 106–115114h at room temperature. Following incubation with ORF89-
specific polyclonal antibody (1:500 dilution, 1 h at room
temperature), the membrane was washed and incubated
with a 1:2000 secondary antibody (antimouse immuno-
globulin conjugated with HRP). Finally, the membrane
was developed using ECL (Pierce) according to the
manufacturer’s protocol.
Real-time PCR
The promoter reporter plasmids (ORF61, ORF171,
ORF98; 0.5 Ag each) were cotransfected in Sf9 cells either
in the presence of 1 Ag effector plasmid (pWSSV-ORF89)
or control plasmid (pWSSV-GFP). After 60 h postinfection,
total RNA was extracted as mentioned above. Constant
amount of 5 Ag RNA was reverse-transcribed to cDNA
using AMV transcriptase (Roche). Luciferase gene-specific
primers flanking a 216-bp region were constructed as
follows: forward 5V-GCT GGC ACA ACA ACA GAC
CCT and reverse 5V-ACG AAA TAC GAC ATA GCA
CCT CCA. The real-time PCR mixtures (20 Al) contained
3 mM MgCl2, 0.5 AM of each primer, 2 Al Fast Start DNA
Master SYBR Green I (Roche), and 2 Al of cDNA as
template and were placed in the LightCycler instrument
(Roche Molecular Biochemicals). The experimental PCR
protocol was as follows: an initial 10 min at 95 jC for
FastStart Taq DNA polymerase activation, followed by 35
cycles of 10-s denaturation at 95 jC, 10-s annealing at 60
jC, and 8-s extension at 72 jC. The specificity of the
fluorescent signal was verified by a melting curve analysis
after each run. Quantification of luciferase transcripts was
performed with five 10-fold serial dilutions (range 5–50 ng)
of a plasmid standard (phRG-Basic). The plasmid standard
DNA concentration was calibrated using spectrophotometer
at 260 nm. Copy number of the transcript was calculated as
described previously (Tichopad et al., 2003) and expressed
as per nanogram of RNA.
For temporal study of ORF61 and ORF171 transcripts,
RNA sample (treated with DNase) from different points of
postinfection were subjected to real-time PCR analysis.
Primers are listed in Table 1.Acknowledgments
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